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Introduction

Human papillomavirus (HPV) infection is an extremely com-
mon sexually transmitted infection (STI) among both females 
and males. About 43% of females have a current anogenital HPV 
infection,1 and most studies have shown that at least 20% of 
asymptomatic males have an anogenital infection.2 Furthermore, 
about 10% of males and 4% of females have a current oral HPV 
infection.3 HPV concordance levels between sexual partners are 
high,4 suggesting transmission between partners is common. 
Persistent infection with oncogenic HPV types (mainly types 16 
and 18) can lead to cancers of the cervix, vagina, vulva, penis, 
anus and oral cavity and pharynx.5-7 HPV infection is associated 
with almost all cervical and anal cancers (over 90%) and lower 
percentages of these other cancers.6,7 It is estimated that HPV 
causes over 19,000 cancers each year in the US.6,8 The economic 
burden of these cancers is substantial, with an annual cost of 
about $400 million.9

appalachia is a geographic region with existing cancer disparities, yet little is known about its burden of HpV-related 
cancers outside of cervical cancer. We assessed the burden of HpV-related cancers in three appalachian states and made 
comparisons to non-appalachian regions. We examined 1996–2008 cancer registry data for Ohio, Kentucky, West Virginia 
and the surveillance, epidemiology and end Results (seeR) 9 program. For each gender, we calculated age-adjusted 
incidence rates per 100,000 population for each HpV-related cancer type (cervical, vaginal, vulvar, penile, anal and oral 
cavity and pharyngeal cancers) and all HpV-related cancers combined. Incidence rates among females for all HpV-related 
cancers combined were higher in appalachian Kentucky [24.6 (95% cI: 23.5–25.7)], West Virginia [22.8 (95% cI: 22.0–
23.6)] and appalachian Ohio [21.9 (95% cI: 21.0–22.8)] than seeR 9 [18.8 (95% cI: 18.6–19.0)]. similar disparities were found 
among females when examining cervical and vulvar cancers separately. among males, appalachian [21.3 (95% cI: 20.2–
22.4)] and non-appalachian [21.9 (95% cI: 21.2–22.7)] Kentucky had higher incidence rates for all HpV-related cancers 
combined than seeR 9 [18.3 (95% cI: 18.1–18.6)]. The incidence rate of all HpV-related cancers combined was higher 
among males from appalachian Ohio compared with those from non-appalachian Ohio [17.6 (95% cI: 16.8–18.5) vs. 16.3 
(95% cI: 16.0–16.6)]. Our study suggests that HpV-related cancer disparities exist in appalachia beyond the known high 
cervical cancer incidence rates. These results have important public health implications by beginning to demonstrate the 
potential impact that widespread HpV vaccination could have in appalachia.
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When assessing the burden of HPV-related cancers in the US, 
it may be particularly important to examine high-risk geographic 
regions, such as Appalachia. The Appalachian region of the U.S. 
ranges from New York to Mississippi and consists of more than 
400 counties in 13 states. Appalachian residents tend to have lower 
levels of education, higher levels of poverty and poorer health and 
health behaviors compared with the rest of the US.10,11 Important 
to HPV infection, risky sexual behavior and tobacco use may be 
more common among residents of Appalachia.11-13 Risky sexual 
behavior (e.g., higher number of sexual partners) increases the 
risk of HPV infection,1,14 while smoking may decrease the clear-
ance of HPV infections.15

Cancer in Appalachia is a major public health concern, with 
previous research showing higher incidence rates for all cancer 
sites combined among Appalachian males and females (568.7 
and 415.1 cases per 100,000, respectively) than non-Appalachian 
males and females (539.4 and 398.6 cases per 100,000, respec-
tively).16 In terms of HPV-related cancers, Appalachia also appears 
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3,200 cases) for West Virginia, 19.0 (95% CI: 18.7–19.3; 15,813 
cases) for Ohio and 18.8 (95% CI: 18.6–19.0; 35,243 cases) for 
SEER 9 (Table 1). Rates for all HPV-related cancers combined 
were higher in Appalachian Kentucky [24.6 (95% CI: 23.5–25.7) 
vs. 22.0 (95% CI: 21.4–22.7)] and Appalachian Ohio [21.9 (95% 
CI: 21.0–22.8) vs. 18.6 (95% CI: 18.3–18.9)] compared with the 
non-Appalachian regions of these states. The incidence rate for 
West Virginia was similar to those for Appalachian Kentucky 
and Appalachian Ohio. Rates for the Appalachian portions of all 
three states were higher than the SEER 9 rate. Within Appalachia, 
county-level rates were particularly high in the southern portion 
of Appalachian Ohio, central and southern West Virginia and 
several clusters in Appalachian Kentucky (Fig. 1).

When examining HPV-related cancers individually, we 
found a similar pattern of results for cervical and vulvar can-
cers (Table 1). Appalachian Kentucky [cervical: 12.4 (95% CI: 
11.6–13.2); vulvar: 3.6 (95% CI: 3.2–4.0)], Appalachian Ohio 
[cervical: 10.9 (95% CI: 10.2–11.6); vulvar: 2.9 (95% CI: 2.6–
3.3)] and West Virginia [cervical: 11.1 (95% CI: 10.5–11.7); 
vulvar: 2.9 (95% CI: 2.6–3.2)] all had higher incidence rates 
for these two cancer types compared with SEER 9 [cervical: 
7.7 (95% CI: 7.6–7.8); vulvar: 2.4 (95% CI: 2.3–2.4)]. Within 
states, Appalachian Kentucky and Ohio had higher incidence 
rates for both cervical and vulvar cancers compared with the 
non-Appalachian portions of these states. West Virginia [2.1 
(95% CI: 1.9–2.3)] and non-Appalachian Kentucky [2.0 (95% 
CI: 1.8–2.2)] had higher anal cancer incidence rates compared 
with SEER 9 [1.6 (95% CI: 1.5–1.6)]. Vaginal cancer incidence 
rates were similar across all geographic areas. The SEER 9 inci-
dence rate for oral cavity and pharyngeal cancer [6.5 (95% CI: 
6.4–6.6)] was higher than rates for Appalachian Ohio [5.4 (95% 
CI: 5.0–5.8)], non-Appalachian Ohio [5.8 (95% CI: 5.7–6.0)] 
and West Virginia [5.9 (95% CI: 5.5–6.3)].

HPV-related cancers among males. Among males, incidence 
rates for all HPV-related cancers combined were 21.7 (95% CI: 
21.2–22.3; 5,436 cases) for Kentucky, 16.5 (95% CI: 16.2–16.8; 

to suffer from an excessive burden. Appalachia has a higher cervi-
cal cancer incidence rate compared with non-Appalachian US, 
with some Appalachian areas having among the highest cervical 
cancer incidence rates in the country.16-18 Males in Appalachia 
have a higher incidence rate of oral cavity and pharyngeal can-
cer compared with non-Appalachian males (16.1 vs. 15.3 cases 
per 100,000), though rates are identical among females (5.9 
cases per 100,000 in both Appalachia and non-Appalachia).16 
Comparisons within states containing Appalachian counties 
indicate that incidence rates for cervical and oral cavity and pha-
ryngeal cancers are often higher in the Appalachian portions of 
these states.19,20

Despite these existing data on HPV-related cancers in 
Appalachia, there are some important epidemiological gaps in 
the literature. Research has not examined the incidence of vagi-
nal, vulvar, penile and anal cancers in Appalachia. More impor-
tantly, no study to our knowledge has assessed the total burden 
of HPV-related cancers (i.e., combining data for all HPV-related 
cancers) in Appalachia and how it compares to non-Appalachian 
regions. The current study uses cancer registry data from three 
Appalachian states and the Surveillance, Epidemiology and 
End Results (SEER) Program to address these gaps and exam-
ine HPV-related cancers among both genders from this high-
risk geographic region. In doing so, we compare Appalachian 
regions to non-Appalachian regions within the same states and 
to national data. Results not only help clarify existing disparities 
involving HPV-related cancers in Appalachia but also begin to 
demonstrate the potential impact that widespread HPV vaccina-
tion could have in this geographic region.

Results

HPV-related cancers among females. Among females, incidence 
rates (expressed per 100,000 population) for all HPV-related 
cancers combined were 22.8 [95% confidence interval (CI): 
22.2–23.3; 6,663 cases] for Kentucky, 22.8 (95% CI: 22.0–23.6; 

Table 1. Incidence of HpV-related cancers among females, 1996-2008 (all races)

All HPV-Relateda Cervix Vulva Anus Vagina Oral Cavity/
Pharynx

  cases IR (95% cI) cases IR (95% cI) cases IR (95% cI) cases IR (95% cI) cases IR (95% cI) cases IR (95% cI)

Us (seeR 9) 35,243 18.8 (18.6-19.0) 14,093 7.7 (7.6-7.8) 4,547 2.4 (2.3-2.4) 2,982 1.6 (1.5-1.6) 1,334 0.7 (0.7-0.7) 12,287 6.5 (6.4-6.6)

Kentucky 6,663 22.8 (22.2-23.3) 3,002 10.7 (10.3-11.0) 896 3.0 (2.8-3.2) 588 2.0 (1.8-2.1) 257 0.8 (0.7-0.9) 1,920 6.3 (6.1-6.6)

appalachia 2,031 24.6 (23.5-25.7) 982 12.4 (11.6-13.2) 308 3.6 (3.2-4.0) 157 1.8 (1.6-2.1) 73 0.9 (0.7-1.1) 511 5.9 (5.4-6.4)

Non-
appalachia

4,632 22.0 (21.4-22.7) 2,020 10.0 (9.5-10.4) 588 2.7 (2.5-2.9) 431 2.0 (1.8-2.2) 184 0.8 (0.7-1.0) 1,409 6.5 (6.2-6.8)

Ohio 15,813 19.0 (18.7-19.3) 6,646 8.4 (8.2-8.7) 2,204 2.5 (2.4-2.6) 1,351 1.6 (1.5-1.7) 607 0.7 (0.6-0.7) 5,005 5.8 (5.6-5.9)

appalachia 2,307 21.9 (21.0-22.8) 1,080 10.9 (10.2-11.6) 332 2.9 (2.6-3.3) 205 1.9 (1.6-2.2) 90 0.8 (0.6-1.0) 600 5.4 (5.0-5.8)

Non-
appalachia

13,506 18.6 (18.3-18.9) 5,566 8.1 (7.9-8.3) 1,872 2.4 (2.3-2.5) 1,146 1.5 (1.5-1.6) 517 0.7 (0.6-0.7) 4,405 5.8 (5.7-6.0)

West Virginiab 3,200 22.8 (22.0-23.6) 1,429 11.1 (10.5-11.7) 442 2.9 (2.6-3.2) 308 2.1 (1.9-2.3) 132 0.9 (0.7-1.0) 889 5.9 (5.5-6.3)

HpV, human papillomavirus; IR, incidence rate; cI, confidence interval; seeR, surveillance, epidemiology and end Results. all rates are expressed per 
100,000 population and are age-adjusted to the 2000 U.s. standard population. aIncludes cervical, vulvar, anal, vaginal and oral cavity/pharyngeal 
cancers. bThe entire state of West Virginia is in the appalachian region.
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non-Appalachian Kentucky [18.4 (95% CI: 17.4–19.4) and 19.6 
(95% CI: 19.0–20.3), respectively] had higher incidence rates for 
oral cavity and pharyngeal cancer compared with SEER 9 [16.2 
(95% CI: 16.0–16.4)].

Discussion

Persistent infection with oncogenic HPV types can lead to can-
cers of the cervix, vagina, vulva, penis, anus and oral cavity and 
pharynx.5-7 Appalachia is a geographic region with many existing 
cancer disparities, including cervical cancer.16,17 However, very 
little is known about the burden of other HPV-related cancers 
in Appalachia or the total burden of HPV-related cancers in this 
region. We used cancer registry data from three Appalachian 
states and the SEER 9 Program to compare Appalachian regions 
to non-Appalachian regions of the same states and to national 
data. To our knowledge, this study provides the most com-
prehensive examination to date on HPV-related cancers in the 
Appalachian region.

We found several HPV-related cancer disparities among 
females from Appalachia. Our results not only reaffirm that 
Appalachia has high cervical cancer incidence rates17-20 but also 
suggest that HPV-related cancer disparities among Appalachian 
females exist beyond those for cervical cancer. Appalachian 
females consistently had higher incidence rates of vulvar cancer 
compared with non-Appalachian females. The incidence of anal 
cancer among females was also generally higher in Appalachian 

11,638 cases) for Ohio, 19.2 (95% CI: 18.4–19.9; 2,418 cases) 
for West Virginia and 18.3 (95% CI: 18.1–18.6; 28,946 cases) 
for SEER 9 (Table 2). Appalachian Ohio had a higher incidence 
rate for all HPV-related cancers combined compared with non-
Appalachian Ohio [17.6 (95% CI: 16.8–18.5) vs. 16.3 (95% CI: 
16.0–16.6)], though rates for Appalachian and non-Appalachian 
Kentucky were similar [21.3 (95% CI: 20.2–22.4) vs. 21.9 (95% 
CI: 21.2–22.7)]. The SEER 9 rate was comparable to Appalachian 
Ohio and West Virginia but lower than both Appalachian and 
non-Appalachian Kentucky. Within Appalachia, the northern 
and western parts of Appalachian Kentucky had especially high 
rates of all HPV-related cancers combined among males (Fig. 2). 
The highest incidence rates within West Virginia were again seen 
in the central and southern parts of the state, while only a few 
counties in Appalachian Ohio had high incidence rates among 
males.

When examining HPV-related cancers individually, the 
Appalachian regions of both Kentucky [1.7 (95% CI: 1.4–2.0) 
vs. 1.1 (95% CI: 1.0–1.3)] and Ohio [1.1 (95% CI: 0.9–1.3) 
vs. 0.7 (95% CI: 0.7–0.8)] had higher penile cancer incidences 
rates than the non-Appalachian regions (Table 2). The SEER 
9 rate for penile cancer was 0.8 (95% CI: 0.8–0.9), which was 
lower than both Appalachian Kentucky and West Virginia [1.2 
(95% CI: 1.0–1.4)]. Anal cancer incidence rates did not dif-
fer greatly across geographic areas. There were also no within 
state differences for oral cavity and pharyngeal cancer inci-
dence in Kentucky or Ohio. However, both Appalachian and 

Figure 1. Incidence of HpV-related cancers by county among females from Ohio, West Virginia and Kentucky (1996–2008; all races). HpV-related can-
cers include cervical, vulvar, anal, vaginal and oral cavity/pharyngeal cancers. all rates are age-adjusted to the 2000 U.s. standard population.
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The higher rates of HPV-related cancers among Appalachian 
females are probably attributable to a variety of factors. Risky 
sexual behavior may be more common among Appalachian 
females,22 increasing their risk of HPV infection.1 The propor-
tion of adults who are current smokers in West Virginia (26.8%), 
Kentucky (24.8%) and Ohio (22.5%) is higher than the national 
median (17.3%),23 and evidence suggests smoking rates are 
higher in the Appalachian portions of Kentucky and Ohio com-
pared with the non-Appalachian portions.24,25 Smoking is a risk 
factor for HPV-related cancers26 and may decrease the clearance 

areas. Further, the burden of all HPV-related cancers com-
bined was higher in Appalachian regions compared with both 
non-Appalachian regions of the same states and national rates. 
Appalachian regions had age-adjusted incidence rates of at least 
21.9 cases per 100,000 population for all HPV-related cancers 
combined among females, similar to the national incidence rates 
for some of the more common cancers among females in the US 
(e.g., thyroid cancer and melanoma of the skin21). Thus, a sub-
stantial burden of cancer among Appalachian women is likely 
associated with HPV infection.

Figure 2. Incidence of HpV-related cancers by county among males from Ohio, West Virginia and Kentucky (1996–2008; all races). HpV-related cancers 
include penile, anal and oral cavity/pharyngeal cancers. all rates are age-adjusted to the 2000 U.s. standard population.

Table 2. Incidence of HpV-related cancers among males, 1996–2008 (all races)

All HPV-Relateda Penis Anus Oral Cavity / Pharynx

cases IR (95% cI) cases IR (95% cI) cases IR (95% cI) cases IR (95% cI)

Us (seeR 9) 28,946 18.3 (18.1–18.6) 1,164 0.8 (0.8–0.9) 2,148 1.3 (1.3–1.4) 25,634 16.2 (16.0–16.4)

Kentucky 5,436 21.7 (21.2–22.3) 305 1.3 (1.1–1.4) 296 1.2 (1.1–1.3) 4,835 19.3 (18.7–19.8)

appalachia 1,563 21.3 (20.2–22.4) 124 1.7 (1.4–2.0) 82 1.1 (0.9–1.4) 1,357 18.4 (17.4–19.4)

Non-appalachia 3,873 21.9 (21.2–22.7) 181 1.1 (1.0–1.3) 214 1.2 (1.0–1.4) 3,478 19.6 (19.0–20.3)

Ohio 11,638 16.5 (16.2–16.8) 533 0.8 (0.7–0.9) 766 1.1 (1.0–1.2) 10,339 14.6 (14.3–14.9)

appalachia 1,663 17.6 (16.8–18.5) 100 1.1 (0.9–1.3) 100 1.1 (0.9–1.3) 1,463 15.5 (14.7–16.3)

Non-appalachia 9,975 16.3 (16.0–16.6) 433 0.7 (0.7–0.8) 666 1.1 (1.0–1.2) 8,876 14.5 (14.2–14.8)

West Virginiab 2,418 19.2 (18.4–19.9) 144 1.2 (1.0–1.4) 148 1.2 (1.0–1.4) 2,126 16.8 (16.1–17.5)

HpV, human papillomavirus; IR, incidence rate; cI, confidence interval; seeR, surveillance, epidemiology and end Results. all rates are expressed per 
100,000 population and are age-adjusted to the 2000 U.s. standard population. aIncludes penile, anal and oral cavity/pharyngeal cancers. bThe entire 
state of West Virginia is in the appalachian region.
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cancers).6,7 Furthermore, the proportion of cancers that are asso-
ciated with HPV types 16 and 18 (types prevented by both HPV 
vaccines) ranges from 31% of penile cancers up to 87% of anal 
cancers.6 Future research that is able to establish the HPV infec-
tion status of cancers is needed to fully understand the burden 
of HPV-related cancers in Appalachia and the impact that wide-
spread HPV vaccination can have in this region.

Our study had many strengths including the examination of 
all HPV-related cancers and a focus on a high-risk geographic 
region. We also compared incidence rates for Appalachian 
regions to both non-Appalachian regions of the same states and 
to national data. We had access to cancer registry data for only 
three Appalachian states, so the generalizability of our findings 
to other states with Appalachian counties is not known. It is pos-
sible that some cancer cases were not captured by the state can-
cer registries due to incomplete case ascertainment. Lastly, the 
prevalence of HPV infection among the general population of 
Appalachia is not currently known and should be examined.

We believe our study addresses important gaps in the existing 
literature and provides the most comprehensive examination to 
date on HPV-related cancers in the Appalachian region. Results 
suggest that HPV-related cancer disparities exist beyond those 
for cervical cancer among Appalachian females and are also pres-
ent to a lesser extent among Appalachian males. These findings 
not only begin to clarify the total burden of HPV-related cancers 
in Appalachia but also begin to demonstrate the potential impact 
that widespread HPV vaccination could have on reducing dis-
parities in this region.

Materials and Methods

We examined the burden of HPV-related cancers in Kentucky, 
Ohio and West Virginia. We selected these states because they 
are contiguously located in the Appalachian region, and the 
Appalachian portions of these states have all been shown to have 
high cervical cancer incidence rates.20 The Institutional Review 
Board at The Ohio State University determined this study was 
exempt from review.

For each state, we obtained cancer incidence data from the 
state cancer registries for newly diagnosed cases for years 1996–
2008. The central cancer registries included the Kentucky 
Cancer Registry (KCR), Ohio Cancer Incidence Surveillance 
System (OCISS) and West Virginia Cancer Registry (WVCR). 
We also examined incidence data from the SEER 9 cancer reg-
istries (1996–2008) in order to provide national rates for com-
parison.40 The SEER 9 registries represent approximately 10% of 
the U.S. population and include those for Atlanta, Connecticut, 
Detroit, Hawaii, Iowa, New Mexico, San Francisco-Oakland, 
Seattle-Puget Sound and Utah. The SEER Program and its data 
collection methodology, organizational structure, and mission 
have been described extensively elsewhere.40 Although the SEER 
Program now consists of 17 registries, we used rates from the 
SEER 9 registries because: (1) Kentucky is a SEER 17 cancer reg-
istry, and we did not want our comparison rates to include data 
from one of the Appalachian states examined in this study; and 
(2) the Appalachian region is mostly non-Hispanic white,10 and 

of existing HPV infections.15 Lastly, cervical cancer screening, 
which can detect treatable precancerous lesions, is less common 
among Appalachian women compared with non-Appalachian 
women.27,28 It is important that continued efforts are made to 
educate Appalachian women about HPV transmission and HPV-
related cancer prevention.

HPV-related cancer disparities were not as apparent among 
Appalachian males, though some differences were found. Penile 
cancer incidence rates tended to be higher among Appalachian 
males, but penile cancer is relatively rare in the US.26 The burden 
of all HPV-related cancers combined among males was higher in 
Kentucky (regardless of Appalachian status) compared with the 
SEER 9 rate, while rates for Appalachian Ohio and West Virginia 
were comparable to the national rate. Incidence rates for all HPV-
related cancers combined among males ranged from 17.6 to 21.3 
cases per 100,000 population for the Appalachian regions exam-
ined, which are similar to the incidence rate for melanoma of the 
skin among US males.21 Most of the HPV-related cancer burden 
among males was attributable to oral cavity and pharyngeal can-
cers, many of which may not be positive for HPV infection.6,7

Our results have important public health implications regard-
ing HPV vaccination. Mainly, findings suggest that Appalachia 
can benefit greatly from HPV vaccination, a potentially impor-
tant tool for preventing cancers and reducing disparities in this 
region. Two HPV vaccines are currently available and recom-
mended in the US: quadrivalent HPV vaccine against types 6, 11, 
16 and 18 (available for males and females ages 9–26) and biva-
lent HPV vaccine against types 16 and 18 (available for females 
ages 9–26).29,30 Quadrivalent HPV vaccine is currently approved 
for the prevention of cervical, vulvar, vaginal and anal cancers,31 
while the bivalent vaccine is approved for cervical cancer preven-
tion.32 HPV vaccine first became available for females in 2006 and 
for males in 2009 in the US. National estimates indicate about 
half (53%) of adolescent females in the U.S. have received at least 
one dose of HPV vaccine (i.e., vaccine initiation), and only 35% 
have received the recommended three doses (i.e., vaccine comple-
tion).33 HPV vaccine uptake among adolescent males is much 
lower, with vaccine initiation at less than 10%.33,34 HPV vaccine 
is readily available in Appalachia and acceptable to most resi-
dents,35-39 though data on vaccine uptake in the region are sparse. 
Recent data show that of the 13 states containing Appalachian 
counties, 12 have lower statewide estimates of HPV vaccine ini-
tiation and completion among females compared with national 
estimates.33 Estimates are not available for the Appalachian areas 
within each state, so research is needed to examine HPV vaccina-
tion among both females and males throughout Appalachia.

Although our study provides important insight into the bur-
den of HPV-related cancers and the potential impact of HPV 
vaccine in Appalachia, it is important to mention that data on the 
HPV infection status of cancers were not available in our study 
since cancer registries typically do not capture this information. 
Thus, it was not possible to examine HPV-positive and HPV-
negative cancers separately. It is estimated that HPV infection 
is associated with 96% of cervical cancers, 93% of anal cancers, 
64% of vaginal cancers, 51% of vulvar cancers, 36% of penile 
cancers and up to 63% of some oral cancers (e.g., oropharyngeal 
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portions of each state. All rates were expressed per 100,000 popu-
lation, and we used the method of Tiwari et al. to calculate 95% 
CIs.44 Statistical significance was inferred by non-overlapping 
95% CIs. Although this is a conservative approach in making 
comparisons,45 we believe it is appropriate for these analyses.

To identify areas within Appalachia that may have espe-
cially high incidence rates, we also calculated county-level age-
adjusted incidence rates for all HPV-related cancers combined for 
Kentucky, Ohio and West Virginia. We mapped these county-
level rates separately for females and males. We used ArcGIS 
(Environmental Systems Research Institute, Inc. ArcMap 10.0) 
to divide rates into quintiles and construct maps. We did not 
include data for counties with fewer than five cases on maps to 
prevent misinterpretation of rates based on a low number of cases.
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many of the registries added after the SEER 9 included higher 
percentages of minority populations.

Cancer cases were coded to the International Classification 
of Diseases for Oncology, third edition (ICDO-3),41 and were 
grouped by anatomic sites/types using the SEER Program site 
recode classifications.40 We examined incidence data for all HPV-
related cancer types:6-8 cervical, vaginal, vulvar, penile, anal and 
oral cavity/pharyngeal cancers. We compiled data for each HPV-
related cancer type separately, and we also combined data for 
these cancers in order to assess the total burden of HPV-related 
cancers.

We used the Appalachian Regional Commission’s classifica-
tion scheme to identify which counties are in the Appalachian 
portion of each state.42 Counties added to the Appalachian region 
in 2002 (Edmonson and Hart in Kentucky) were considered 
Appalachian for this study since they were in the Appalachian 
region for a majority of the data years examined. Counties added 
to Appalachia in late 2008 (Metcalfe, Nicholas and Robertson in 
Kentucky; Ashtabula, Mahoning and Trumbull in Ohio) were 
not considered Appalachian for this study since 2008 was the last 
year of data examined. Thus, Appalachian Kentucky consisted of 
51 counties (out of 120 counties), Appalachian Ohio consisted of 
29 counties (out of 88 counties) and all 55 West Virginian coun-
ties were classified as being in Appalachia. Appalachian Kentucky 
is located in the eastern part of the state, while Appalachian Ohio 
is located in the southern and eastern parts of the state.

Data Analysis. We used SEER*Stat version 7.0.4 to calculate 
cancer incidence rates, age-adjusted to the 2000 U.S. standard 
population using 19 age groups.43 For each gender (all races 
included), incidence rates were calculated for all HPV-related 
cancers combined and for each HPV-related cancer type sepa-
rately. We calculated rates for each state (or national rates for 
SEER 9 data) and for the Appalachian and non-Appalachian 
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